Abstract. This paper investigates the factors that affect the surface roughness on an Aluminium deposited wafer after reactive ion etching (RIE) using a combination of Tetrafluoromethane (CF 4 ) and Oxygen (O 2 ) gaseous. A total of four controllable process variables, with 16 sets of experiments were scrutinized using an orderly designed design of experiment (DOE). The four variables in the investigation are the composition of CF 4 gas, the composition of O 2 gas, RF power, and time. The estimate of effect calculated for the composition of CF 4 gas, the composition of O 2 gas, RF power, and time are -0.9813, -0.7488, -0.0438, and 4.7138 respectively. All factors gave negative effects except for time. This implies that the surface roughness decreases when the content of CF 4 , O 2 , and RF power is high. The results indicate that time is the most influential factor compared to the other three factors and is directly proportional to the surface roughness of the etched Aluminium deposited wafer.
Introduction
Aluminium has been widely used as the metallization pad or bonding pads in wire bonding [1] . In wire bonding, the four main critical to function (CTF) parameters are bonding force, bonding time, ultrasonic power, and bonding temperature [2] . However, as the size interconnection is getting smaller due to the vast miniaturization of semiconductor devices, surface roughness comes into the picture as an important parameter not to be neglected [3] . Surface roughness is a measure of the texture of a surface. It is quantified by the vertical deviations of a real surface from its ideal form. If these deviations are large, the surface is rough; if they are small the surface is smooth. Roughness is typically considered to be the high frequency, a short wavelength component of a measured surface.
I. Lindseth has compared the results of quantitative topography measurements on typical industrial, rolled or etched aluminium surfaces, using three different methods that can measure surface features in the 10-mm to sub-micrometer range [4] . The methods used, atomic force microscopy, AFM, white-light interferometry, and confocal laser scanning microscopy, LSM, utilize very different mechanisms of image formation. This investigation results show that there is good agreement between the topography data measured by AFM and by white-light interferometry, even though completely different mechanisms of image formation are involved. The two methods complement each other.
P. Revel proposed an experiment in which surface characterizations were carried out using two powerful techniques: interferometry microscopy and grazing incidence X-ray diffraction [5] . Surface state resulting from manufacturing processes has a significant impact on product performance. Frequently, strict conditions are imposed on some dimensions and surface quality of manufactured products. High precision machining allows industry to dispense with successive operations such as turning, grinding and polishing to attain these objectives.
Past studies have been done on the characteristics of the surface roughness on Aluminium. However, to the best of the author's knowledge, there is minimal work done on the relationships between factors the surface roughness quality on Aluminium deposited wafer after Reactive Ion Etching (RIE).Therefore, this study investigates the relationship between the parameters that affect the surface roughness of an Aluminium deposited wafer after Reactive Ion Etching (RIE) process.
The four controllable factors in this study were the composition of CF 4 gas, composition of O 2 gas, RF power, and time.
Methodology
The test samples used in this investigation were prepared from blank wafers. The silicon wafer was first diced into smaller samples for experimental purpose. Next, the wafer surface was cleaned using the Piranha solution. Piranha solution is a mixture of sulfuric acid, H 2 SO 4 and hydrogen peroxide, H 2 O 2 used to clean organic residues off substrates. By using the sputtering technique, approximately 300 Angstrom (Å) thickness of Aluminium was deposited onto the active side of the wafer. Stylus measurement is applied to determine the thickness of the aluminum deposited. After that, the samples were ready for etching process using ICP-RIE.
RIE is a plasma-based etching technique characterized by a combination of physical sputtering with the chemical activity of reactive species which is used to remove the intended material from the wafer surface. The metal to be removed in this project is Aluminium. For the purpose of removing oxide layer and aluminium, CF 4 gas and O 2 gas are used. Under normal conditions, carbon fluorides are very stable. Oxygen can be added to react with carbon, freeing more fluorine radicals and increases the etch rate.
A design matrix was designed using full factorial design of experiment (DOE) with four factors and one response. The set of experimental combinations systematically study the variables that influence the quality of the surface roughness. DOE enables quick perception of the process or system performance over a specified region of interest . Table 1 shows the list of variables in the experiment and the values for the low and high levels. A total of 16 experiments were carried out in this study. Varied values of CF 4 gas, O 2 gas, RF power and also time were chosen as the experimental parameters while the response will be the surface roughness. Next, the samples were analysed under the AFM to measure the surface roughness.
Result and Discussion
The resulting response in this study is the RIE etched surface roughness of the Aluminium deposited on silicon wafers. Table 2 shows the tabulated data results based on the full factorial design in DOE. Each sample has been etched based on the DOE matrix generated and the average surface roughness value was taken from 5 different points on each sample. In order to compute the main effects, it was necessary to construct the coded design matrix as shown in Table 2 . The main effect is calculated using the following equation [6] :
Main effect of a factors = average surface roughness at high level-average surface roughness at low level
The estimate of effect calculated from the composition of CF 4 gas, the composition of O 2 gas, RF power, and time are -0.9813, -0.7488, -0.0438, and 4.7138 respectively. An effect is negative when the average surface roughness is high at a low level of the factor.The main effects plot was used to visually observe the effects. The importance of an effect depends on the slope of the line joining the average low and high levels of a certain factor. Higher gradient or slant indicates that the factor is more influential. The understanding of relationships of factors involved and relationships between factors will be very beneficial for future projects [7] .
From the graphs in Figure. 1, the trend for both gaseous parameters, i.e., the CF 4 and O 2 gaseous showed similar pattern where the surface roughness is higher when it is etched at a low level parameter. Surface roughness decrease as a higher value for the gaseous composition is used. As for the RF power parameter, the main effects plot in Figure. 1(c) shows almost a flat line to the x-axis where the estimated main effect is -0.0438. This implies that this factor will not affect the surface roughness much although the variable is altered. On the other hand, Figure 1. (d) shows the steepest slope among all four graphs. The effect of time towards the surface roughness is a positive effect where it is directly proportional to the surface roughness value. 
Conclusion
This investigation evaluates the effects of different controllable process parameters on the surface roughness quality after Reactive Ion Etching (RIE) on an Aluminium deposited wafer. The four parameters investigated were the composition of CF 4 gas, the composition of O 2 gas, RF power, and also time. The results were analysed through main effects plots via DOE. An increment or decrement in RF power does not necessarily affect the surface roughness. Furthermore, the surface roughness quality is inversely proportional to the composition of CF 4 and O 2 gaseous. However, only time is directly proportional to the surface roughness and is the most influential effect compared to the other factors investigated in this study. This implies that treatment time should be shortened in order to obtain a smoother surface and vice versa for Aluminium deposited wafers after being etched via RIE.
